253 full-sib families from 33 males and 23 females of European seabass were produced in a partly factorial mating design. All fish were reared in the same tank during 14 months, then 7000 of them were dispatched in four farms to different locations (France, Israel, Italy, Portugal) representing a wide variety of environmental conditions. Around 400 g mean weight, 1177 to 1667 fish in each site were weighed and length was measured. Condition factor (K) was calculated. Pedigrees were redrawn a posteriori using microsatellites markers: parental origin could be retraced for 99.2% of fish. Due to a high incidence of deformities, the useful sample size was reduced to 491-670 fish per site.
Heritabilities and GxE interactions for growth in the European
Parentage assignment was performed by Landcatch Natural Selection (Scotland) 5 using six microsatellite markers organised in a single PCR multiplex. 6
Assignments were redrawn using software (written by Landcatch) for pedigree 7
analysis. The software uses two separate algorithms for pedigree assignment: a 8
Bayesian probabilistic calculation computes the most likely parents; and a simple text 9 matching algorithm compares parental and offspring genotypes at each locus 10 sequentially and excludes mismatches in turn. The two sets of results were then 11 compared. There was almost perfect concordance between the two sets of 12 assignments. 13 14
Statistical analyses 15
One major problem for data analysis was the high occurrence of spinal deformities 16 (mainly lordosis). In most cases, even when accounted for by a fixed effect, 17 deformities introduced uncontrolled variation in the models, and we preferred to work 18 only on normal fish, as the increase of precision brought by the use of exclusively 19 normal fish overcame or at least compensated the loss in precision due to the lower 20 number of fish used when eliminating the deformed ones from analyses. An 21 exception was done for farm A where the number of normal fish was so low that 22 some slightly deformed fish were also used in the analysis. Occurrence of deformities 23 and our method for accounting for them will be presented further in the Results 24 section.
1
To determine the potential significant fixed effects, data were first analysed using 2 proc GLM of the SAS ® System. Tank effect was not significant (P > 0.1) for all traits 3 but sex effect was kept in further models (P < 0.05). A farm effect (P<0.05) was also 4 included when all data were analyzed together. Interactions were not significant. 5
A model with the deformity as a fixed effect was also tested to make decisions about 6 including or not deformed fish in the analysis (see Results section). where Y is the vector of observations, β is the vector of fixed effects (overall mean, 15 sex and farm), u is the vector of random additive genetic effects, m is the vector of 16 random maternal effects, fs is the random vector of fullsib family effect ie accounts 17 for dominance and e is the vector of random residual effects. X, Z 1, Z 2 and Z 3 are 18 known incidence matrices. Dominance effect was very low (see Results section) and 19 was removed for further analyses. 20
Then genetic parameters were also estimated for each site using model 2 (without 21 dominance effect) without farm effect. 22
Genetic by environment interactions (GxE interactions) were estimated through 23 genetic correlations between the trait of interest in environment 1 and the same trait 24 in environment 2, considered as two different traits in the analysis. GxE interactionsis the difference between 1 and the genetic correlation, and the closer the genetic 1 correlation is to 1, the smaller is the interaction. 2 3
Results 4
Parental origin could be traced for 99.2% of the fish. The full-sibs family sizes were 5 variable (from 0 to 66), but only 37 families (15%) had less than half the number of 6 expected offspring and only one family had zero offspring. 7
The number of fish remaining at the final slaughtering and their age are given in 8 Table 2 . The survival during the ongrowing phase was satisfactory in all sites, 9 ranging from 67 to 95%. Sex ratio was similar in all sites, ranging from 17 to 19.4% of 10 females. Weight of females was 24% higher. 11
The growth rate was different among sites, as expected, and the differences between 12 sites were largely due to temperature differences. The proportion of deformed fish 13
(from the scoring of internal deformities) reached 83, 60, 55 and 58% in farm A, B, C 14 D, respectively. The main type of deformity was lordosis often associated with 15 scoliosis, while a few fusions and cyphosis were also observed. 16
Estimates of heritabilities of weight, length and K in farm C are presented in Table 3  17 for all fish, normal + mildly deformed fish or normal fish only. A correction by 18 introducing a fixed effect of deformity was also tested. Results are presented only for 19 farm C but the conclusions were the same for other farms. Deformities seem to have 20 almost no effect on the estimation of the heritability of weight. However, one can see 21 that the precision of the estimation is not better when using the full data set, 22 compared to the normal fish only, despite the 2 to 2.5 fold increase of the number of 23 an important effect on estimations for length and even more for K. This was 1 expected, as deformities have an obvious impact on length and thus on the length-2 weight relationship. Despite this high impact of deformities, the correction with a fixed 3 effect was not really efficient in most cases: heritability estimates remain lower with 4 correction than when considering only normal fish. Thus, we have chosen to use only 5 normal fish in the rest of our analysis. 6
This considerably reduces the size of the available datasets: from 1177-1675 to 250-7 648 animals. For farm A, there were only 250 normal animals and we considered that 8 this number was too low relative to the number of families. Thus we have added 9 mildly deformed fish to reach a sample size of 610, for the sake of models stability. 10
Moreover, as the deformities were scored at a later age in farm A, it is quite likely that 11 fish scored as mildly deformed there could have been scored as normal if they had 12 been slaughtered at 400g like in the other sites. In Table 4 , sample size and means 13 of the reduced data set are given for each trait. 14 
15
Estimations of heritabilities for all farms together and according to models 1, 2 and 3 16 are given in Table 5 . For all three traits, dominance effect is clearly non significant 17 and can be removed from the model. According to differences of -2LogL between 18 models, maternal effect is not significant for the three traits. However for weight and 19 especially for length, maternal effect is not negligible and even (for length) at border 20 of significance if we consider S.E. Moreover, if maternal effect is removed, heritability 21 estimates are highly increased. 22
Heritabilities estimated in each site using model 2 are reported in Table 6 . 23
Heritabilities were all medium to high. They are little higher in farm C, but in this latterfarm the CV of weight within sex was lower (18.9% versus 24-26% in other sites). For 1 length and K, heritability seems lower in farm D. 2
Phenotypic correlations and genetic correlations estimated with model 2 are gathered 3 in Table 7 for all farms and for each farm. Correlation between weight and length is 4 always very high (> 0.9). Genetic correlations between weight or length and K can 5 change widely from one site to another. 6 Genetic correlations for weight between different farms are summarized in Table 8 . 
Deformities 13
The cause of the deformities was apparently not to be sought during larval rearing, 14 as the fish that were kept by farm B for its breeding program, which were produced 15 from the same parents on the same day and reared in the same conditions, did not 16 suffer (at least externally) from such deformities. The most probable cause is the 17 rearing conditions in farm A, prior to tagging. Indeed, the small fish that arrived from 18 farm B (134 days, 3.6 g mean weight) were reared in 5m3 circular tanks, where a 19 strong circular water current induced tank self-cleaning. However, it is known that the 20 intensive swimming provoked by such water current is not suitable for this size of fish 21 that have not completed their bone calcification (Chatain, 1994) . 22
As the fish were chosen at random to constitute the different farm batches, we can 23 make the hypothesis that the rate of deformities was initially the same in all batches. 24
The differences observed at slaughter then should come from environmental effectsof the rearing systems, allowing the fish to recover or not, or at least worsening or not 1 the initial deformities. The much higher proportion of deformed fish in farm A is 2 probably also accounted for by the bigger size (1 kg) at which the scoring was done. 3
We cannot exclude a bias on estimates of genetic parameters even with removal of 4 deformed fish. However this should lead to a decrease of estimates unless heritability 5 of deformities is very high which is not the case (h² = 0.16-0.29 on the underlying 6 scale). 7 8
Maternal effect 9
With our results, it is still difficult to conclude on maternal effects in growth of 10 seabass. Statistics show that they are not significant. Considering the small egg size 11 in seabass, the absence of maternal effects in large fish is not surprising. Similar for which egg size is much larger and maternal effects are high in early stages, they 23 are also known to decrease with age (for example, Mc Kay et al., 1986; Crandell andHowever, in our experiment, a systematic increase of heritability is observed when 1 maternal effect is removed. This could be due to the introduction in the model of a 2 non significant -and thus difficult to estimate -maternal effect than to a real maternal 3 effect. But, the higher is the estimate of maternal effect, the higher is the increase of 4 heritability estimate. Maternal effects are probably at the border of significance in our 5 dataset and thus we cannot reject their existence. It is not impossible that egg quality 6 can be the origin of a small but real maternal effect. We finally choose a conservative 7 attitude, and kept the maternal effect in further models. Since it leads to lower 8 heritabilities, we prefer this choice which leaves room for more genetic progress than 9
expected. However introduction of maternal effect in the model mainly affects 10 heritability estimates: estimations of genetic correlations between traits are not 11 changed and genotype by environment interactions little affected. 12 
These heritability values are promising for genetic progress, at least in the short term. 9
As an example, for weight, the expected genetic gain for a mass selection with a 10 pressure of 5% should range between 16 and 25% of the mean per generation. objectives. We must also underline that in the present work, all fish are reared in a 5 common environment before being sent to the various rearing sites (farms), thus 6 limiting the possible GxE interaction effects to the only on-growing period. 7
The genotype-environment interactions obtained here are much lower than those 8 
Correlations between growth traits 21
As the genetic correlation is high and heritabilities of both traits are also similar, 22 selection on weight or length should yield the same results on weight. However, 23
because of the correlations with K, selecting on weight or on length is not equivalent.
In farms A, B and D, the genetic correlation between length and K is close to zero, so 1 selection on length would have no impact on K, but the positive genetic correlation 2 between weight and K would lead to the selection of "fatter" fish if weight was used 3 as a selection criterion. In this case, selection on length should be preferred. On the 4 opposite, in farm C, the genetic correlation between weight and K is close to zero so 5 that selecting on weight would have no impact on the global shape of the fish. 6
However, the genetic correlation between length and K is negative, so selection on 7 length would lead to leaner, though heavier, fish. This kind of fish is generally 8 appreciated as it looks more like a wild fish, and finally selection on length will 9 probably be preferred again. In other sites, a specific selection on K would be 10 necessary to obtain leaner fish. Table 5 . Estimates (± Standard Error) of heritabilities (h²) and maternal effects (m²) 1 for growth traits at commercial size using model 1 (dominance and maternal effect), 2 model 2 (without dominance) or model 3 (without dominance nor maternal effect) for 3 all data. The relative explanatory powers of models are accounted for by the 4 differences in -2Log-Likelihood between both models. 
